This paper describes a methodology to calculate a spatial cost of living index using Colombian data for 2006 that takes into consideration the microeconomic behavior of households. Using the Almost Ideal Demand System and recovering the expenditure functions for the 23 main Colombian cities, the index proposed is compared to the traditional methodologies used to calculate the regional basket of goods in the country and to an alternative methodology proposed by Romero (2005) . This comparison suggests that when the substitution effects are not considered, and the same basket of goods is evaluated in every city, the index is biased, and this bias increases when the difference between cities increases. For reducing the bias, we use a microeconomic approach that keeps the households' level of utility constant and allows substitution among different baskets of goods. According to our calculations, Bogota is still the most expensive city in the country followed by Armenia, Cali, Bucaramanga and Ibague.
INTRODUCTION
The Spatial Cost of Living (SCOL) is crucial to compare monetary variables between different spatial units. For instance, nominal regional wages cannot be properly compared because the purchasing power in each region is affected by the level of local prices. Given this proposition, it is surprising to find that the SCOL is rarely available in official statistical agencies and Colombia no exception. This lack of information affects seriously any policy evaluation related to regional analysis of economic measures. In this paper, we cover this gap by estimating a SCOL for Colombia for the first time.
The estimation of a SCOL is highly conditioned by the availability of prices and quantities consumed in different spatial units. For the case of Colombia, the Integrated Household Survey of Income and Expenses 2006-2007 provides information about the expenditure and socioeconomic characteristics of the households for the main 23 Colombian cities. However, in terms of expenditures, the only consumption group with disaggregated prices and quantities is the food group. For the other groups (housing, transportation, clothing, etc), the price can be recovered, but Deaton (1987) argues that those magnitudes do not represent the unit price because the heterogeneity in quality is ignored. In order to obtain a consistent proxy of the SCOL, we compute it using only the information for food consumption which shows unit prices and quantities consumed per household. We are aware that our proxy does not represent the total cost variation, but the food basket is a crucial welfare measure that, together with housing would constitute a significant component of household expenditures. 1
From the theoretical perspective, the SCOL is defined as the expenditure ratio generated by two price levels given a constant level of utility (Polak, 1971) . For its estimation, the specification of the expenditure function must be consistent with the microeconomic foundations of the consumer theory. We follow this microeconomic approach estimating an Almost Ideal Demand System (AIDS) with a demographic component which has been widely accepted as a flexible and consistent theoretical framework (Ray, 1983, Cooper and McLaren, 1992) . The demographic component allows to consider the different expen-ditures patterns among the population, which could seriously affect the assumption of a homogeneous consumer or the non-homotheticity issue. While the literature has estimated the AIDS for recovering price and income elasticities in Colombia as a whole (see Barrientos, 2009; and Cortes and Perez, 2010) , this is the first time that the AIDS is considered to estimate the SCOL in this country.
Although a microeconomic approach of the SCOL has not been estimated for Colombia, the National Department of Statistics (DANE) computes an alternative economic measure known as Regional Price Index (RPI). 2 The RPI is useful to evaluate how the prices change across time for a particular spatial unit, but it does not allow the comparison of differences in the cost of living across the space. In contrast, the SCOL reflects how much more expenditure an individual needs in region b, to maintain his same level of utility as in region a given the migration of the consumer from a to b. By keeping the utility constant, an estimation of the SCOL facilitates the comparison of the differences in the cost of living across cities (Koo et al., 2000) . In summary, the SCOL provides a different perspective than the RPI, for interregional comparisons.
Notwithstanding the advantages derived from the microeconomic approach, the estimation is highly conditioned by the censored data. In consumption surveys, the censored data are represented by those households who declare a zero consumption. These observations play an important role on the estimation of food consumption, and a potential selection bias can appear if they are ignored. Shonkwiler and Yen (1999) propose a two-step procedure which is consistent with the estimation of the AIDS. We use this methodology to avoid the potential bias generated by zero-consumption observations. Our estimated SCOL can be used in several applications where the RPI cannot provide a useful guide. For example, it can be used to understand the link between real wages and migration or commuting flows among spatial units. Both types of flows are affected by the real purchasing power, more than by the nominal wages. Our SCOL index helps to estimate this real measure, providing key information for regional analysis of migration. It can also be used for computing regional poverty rates. While the poverty line is generally constant across regions, we can use the SCOL for computing the minimum expenditure to reach a level of utility which can be spatially variable. Strictly speaking, our SCOL measure can be used to make real comparisons of monetary variables among spatial units providing a better framework for the design of regional policies.
The paper proceeds as follows. Section 2 provides a review of the literature and the different methodologies used to calculate cost of living indexes. Section 3 explains the methodology to calculate our SCOL index using a microeconomic approach, and section 4 describes the data used for our analysis. The results and comparison with two different indexes are shown in section 5. Finally, section 6 gives some concluding remarks describing the limitations and providing some insights about further applications of this methodology.
LITERATURE REVIEW
The SCOL is an economic measure not available for most of the developing countries and the situation is not different even for developed regions such as Europe (Kosfeld et al., 2008) . For the case of Colombia, the available information is grounded in the evolution of regional prices using the RPI perspective. Baron (2005) analyzes the inflation level for the main seven cities in Colombia. This approach represents the time evolution of local prices, but it does not allow comparison across units at one period of time. The author suggests a homogeneous inflation process for these cities and the convergence hypothesis is not rejected. Baron's work does not provide, however, a multilateral comparison of expenditure among different spatial units.
In the case of Colombia, a first approach to develop a SCOL is discussed by Romero (2005) . The paper proposes a measure to evaluate the expenditure differentials among twelve cities using an axiomatic approach, and Bogota, Barranquilla, Cartagena and Medellin are identified as the group of cities with the highest costs of living. The axiomatic approach prices the same basket in two different regions, assuming a zero substitution effect even when the prices can be extremely different. The axiomatic approach has several problems when analyzing spatial units. For instance, it implies that every consumer does not substitute the consumed basket even when the prices can be strongly affected by local conditions such as climatic characteristics, culture or land availability. This problem is called substitution bias and it is not known how big it is for the case of Colombia. 3 A second strand of literature estimates a consistent microeconomic demand system for Colombia, but without recovering the expenditure function. Cortes and Perez (2010) estimate three demand systems to recover the income and price elasticity for different groups of goods. The elasticities derived by the authors are relevant for policy and welfare analysis, but they are not helpful to compare the expenditure among spatial units. Barrientos (2009) uses a different approach to characterize the urban demand through the estimation of Engel curves, but the author does not make any inference about price differentials.
Although the literature has not estimated a SCOL for Colombia, some studies are available for Chile. Paredes and Aroca (2008) and Paredes (2011) estimate the cost differential among spatial units consuming the same housing basket. The authors highlight the contribution of "multilateral" comparison of regional expenditures. However, they also recognize the weakness of the axiomatic approach, showing that a homogeneous housing basket is a strong assumption of the consumer behavior. This critique also motivates the use of an AIDS for Colombia, where substitution is allowed among spatial units through the estimation of a demand system.
The substitution effect has not been considered in the estimation of the SCOL in Colombia. Romero (2005) contributes in this direction, but assumes a fixed basket structure which is highly restricted from the spatial perspective. Some additional estimations of demand systems have incorporated this economic consistency, but they do not explore the connections with a SCOL. Motivated by this lack of discussion, the present paper proposes a microeconomic theoretical background to carry out a better estimation of the SCOL.
MODEL AND METHODOLOGY
The estimation of a SCOL requires the definition of a expenditure function which must be consistent with microeconomic theory. We estimate our expenditure function using an AIDS with equivalence scale (Deaton and Muellbauer, 1980, Ray, 1983) . This approach has several advantages over related models such as the linear and the translog models which impose straight Engel curves for all different income levels of households.
The first advantage is that it is more flexible, allowing as many free parameters as there are independent economic parameters (such as the cross-price and income elasticities of demand). Secondly, it considers non-homothetic preferences for each of the household income groups.
By using an equivalence scale estimation to represent the differences in expenditure functions according to socio-demographic variables, we avoid the problem of aggregation over consumers. This approach also represents the spatial heterogeneity that exists among different spatial units. The AIDS model assumes that the preferences of a rational consumer are represented by the following expenditure function:
where
and
Both, namely log(b(a)) and log(b(p)), are homogeneous of degree one in prices satisfying the theoretical restrictions of the expenditure function. In the empirical estimation, the expenditure function is recovered from the estimated shares. According to Shephard´s lemma, the shares are just the derivatives of the expenditure function with respect to prices. Multiplying this derivative by p i /c(u, p), the estimable shares are defined as:
where α, β and γ are parameters of the model; s i is the budget share of good i ; p i is the price of good i ; and w is total expenditure. Following the methodology proposed by Ray (1983) , we include a general equivalence scale to control for demographic differences between households and spatial units. The equivalence scale (m o (z, p, u)) is disaggregated into two elements: a basic element m 0 which is constant across price distributions and utility, and a price and utility-varying component ϕ:
The specification of both terms, m 0 and ϕ, needs to be consistent with preferenceconsistent demand models without affecting the theoretical restrictions of the expenditure function. The form of φ which is consistent with the specification of the AIDS model is the following:
By including the equivalence scale in the AIDS estimable shares, equation 4 is modified as follows:
where θ and ρ are the new demographic parameters, and z 1 , z 2 and z 3 are the demographic components of each household. Dummy variables (city c ) for the 23 cities are also included in the model in order to highlight geographical differences in expenditure levels. The β parameters give information about the characteristics of the goods with respect to income level. If β i > 0 , an increase in the expenditure would increase the budget share of i, then, the good i is a luxury. On the contrary, if β i < 0 , the good i is a necessity. γ parameters measure the changes in the budget shares following a change in the relative prices.
The AIDS model satisfies restrictions of adding-up, homogeneity and symmetry: it adds up to total expenditure (the sum of the budget shares is equal to the total expenditure), it is homogeneous of degree zero in prices and total expenditure, and the total expenditure satisfies the Slutsky symmetry. These theoretical restrictions above are im-posed through the linearity of the parameters in the following way:
The second consideration for building our SCOL is related to the bias produced by the households that reported zero consumption. According to Urzua (2010) , zero consumption in the household surveys is due to two reasons. The first one is because of the existence of corner solutions, when the good is too expensive for the household to buy it. The second one is when the household only buys the good infrequently or does not buy it at all. Both reasons are approached by different techniques. In the first case, the bias is reduced by including censored data in the estimation of the budget shares (see Heien and Wessels, 1990; and Shonkwiler and Yen, 1999) while in the second one the problem is solved by using income as an instrumental variable of total spending (Keen, 1986 ). Perales and Chavas (2000) show that, for the case of Colombian urban households, the reason why the survey reports zero consumption is because of corner solutions. The authors analyze the distribution of the zero expenditures by income class and within income groups and conclude that the zero shares are explained by non-consumption by some household groups. Following this suggestion, we follow the two-step method proposed by Shonkwiler and Yen (1999) to address this problem. In the first step, the binary variable of the decision of consumption is regressed as a function of demographic and socioeconomic characteristics of the household, and estimated using probit models for each consumption group. Then, this regression is used to estimate the cumulative (Φ) and the density (φ) probability functions. Finally, the cumulative probability function is included as a scalar multiplying the non-linear part of the estimable share in equation 7; and the density function enters as an extra variable in the estimation in a linear way. The modified estimable share with censored data is the following:
where δ is an extra parameter of the model with no restrictions. In order to maintain the additivity restriction of the shares, the system estimates n − 1 equations, where n is the number of shares, and the last share is recovered as a residual of the n − 1 shares. Once the demand system is estimated, the SCOL is calculated by recovering the expenditure function of a representative household for each city. 4 Finally, the SCOL between i and j is computed by:
where p i is the price paid by a representative consumer in the spatial unit i and j, respectively. The AIDS estimation requires the consumption and prices of goods, expenditure and socioeconomic characteristics of the household for the demographic component. Although the price is not asked in the questionnaires, the quantity bought and the total cost are used to derive the unit prices. The survey has 284 food items that we categorize in seven groups following the classification recommended by the International Standard Industrial
DESCRIPTION OF THE DATA
Classification of Economic Activities (ISIC) provided by the U.N.: (1) breads and cereals, (2) vegetables and carbohydrates, (3) fruits, (4) meats, (5) eggs, milk and oils, (6) other foods, and (7) food consumed outside home (restaurants, precooked meals, fast food). 6
Following Urzua (2010), the weighting factors for each of the nine groups are calculated for each household as:
where w jh is the expenditure of household h in the individual food item j (where j = 1 ...7 ) that belongs to group i (where i = 1 ...284 ), and W ih is the total expenditure of household h in group i. Using these weights and the unit prices derived for each food item, the composite price of group i is calculated as:
This is the price of group i used in the estimation of the AIDS model. The composite expenditure of group i is the sum of the expenditures of each of the goods j that belong to group i. The budget shares are easily estimated by dividing the expenditure of each of the groups over the total expenditure of the household. Finally, the demographic component includes three variables: education, income stratification level and number of persons. Table II The higher the income stratification of households, the lower the probability of food consumption of households for every food group. A negative relationship with food consumption is also observed in households with higher number of occupied persons, households with a male household head, skilled household head, and household head age and education. These results are significantly different from zero, and consistent with microeconomic theory. The results are used to calculate the cumulative and the density probability functions which are used later on the estimation of the AIDS (See Φ(x) and φ(x) in 11).
RESULTS
The AIDS estimates the budget shares for each of the consumption goods using prices, income, demographic characteristics, city fixed effects, and the cumulative and density Our SCOL can be compared to other methodologies. The first one is the axiomatic methodology to calculate a fixed basket of goods. According to Polak (1971) , the cost of living index is the ratio between two expenditure functions evaluated at two different level of prices. The quantities consumed are different because the households substitute consumption in order to maintain the same level of utility before the prices change. This economic approach is too difficult to estimate because it requires the specification of the expenditure and the utility function and the estimation of a demand system. Then, the axiomatic approach, which is commonly used for the estimation of the cost of living is preferred because of its simplicity. In this approach, the utility function is assumed to have a Leontief functional form, and substitution is not allowed even with changes in prices.
The household maintains a fixed basket of good and the ratio between expenditures is calculated using the same basket.
The second methodology is proposed by Romero (2005) and compares the minimum expenditure in each city evaluated at prices of the other 13 main cities to calculate the regional differences. Romero (2005) , as noted in section 2 also proposes an axiomatic approach with a fixed basket evaluated at different prices to calculate cost of living differences for 12 Colombian cities. His methodology is more complexed than the one explained above because it includes a labor participation component in which the individual optimizes time spent on working and leisure, and chooses its consumption patterns according to this rational behavior. However, the author does not solve the substitution bias because the same basket is used for different cities, and it does not take into consideration differences on regional consumption patterns. Table VI shows the cost of living indexes using the three different methodologies. Our estimates are significantly different than the ones obtained using the axiomatic approaches suggesting that the geographical cost-of-living differentials among Colombian cities depend, not only on different price levels among cities, but also on different consumption patterns and substitution among different goods. When our SCOL (which is calculated using the economic approach) is compared to the axiomatic approach of the fixed basket of goods, the cost of living is similar for the most expensive cities. However, this difference increases when Bogota is compared to the poorest cities. In this sense, we can assume that the baskets of goods are very similar for the expensive cities, but when comparing expensive cities with poorer cities, the consumption patterns change and the bias in the index increases. 
CONCLUSIONS
This paper proposes a Spatial Cost of Living Index for the case of Colombia using the food consumption. We propose the estimation of an Almost Ideal Demand System in order to keep constant the level of utility (economic approach) of the consumer instead of a fixed basket (axiomatic approach). Furthermore, the estimation of the AIDS considers the potential bias generated by the zero consumption of some of the households, a typical characteristic of the expenditure surveys. Using this methodology, the expenditure ratio is calculated for two representative consumers in two different spatial units. This approach allows capturing the substitution the consumer makes when facing different price levels, which is one of the most essential characteristic of consumer theory.
While most of the literature has computed cost of living measures across time, we discuss and put in evidence the complex scenario imposed by the geographical space.
From the temporal perspective, the axiomatic approach, the most standard methodology for estimating price indexes, evaluates a fixed consumption basket between two different periods. In this sense, the literature recognizes that the prices change slowly across time assuming that the substitution effect should be minimal. Using this argument and the fact that this approach can be estimated easily, most of the official indexes are calculated using a fixed basket of goods.
However, the space can affect considerably the price of goods even for the same period of time. How can the price index be supported with a fixed basket of goods when the spatial structure imposes considerable price differentials? These differential can be explained by different transportation infrastructures, different climatic conditions or different cultures.
Some regions require very particular set of goods, say high level of proteins for extreme cold places, versus those hot regions where fruits or vegetable can be more relevant. Considering these arguments, this paper opens the discussion about the significant relevance of the substitution effect when we are comparing expenditures across the space instead of time.
The empirical results suggest that Bogota is the most expensive city regarding food consumption. This result is a stylized fact. In general the spatial units with high level of population are characterized by higher level of prices (Sudekum, 2009 ). The city with the cheapest basket is Quibdo, showing a difference of 50% with respect to Bogota. The SCOL presents a high level of heterogeneity among cities, providing evidence of higher substitution processes among space than through time.
The future research agenda contains different areas of research. First, our SCOL is seriously limited by the availability of information. The incorporation of additional consumption groups would help to considerable improve the quality of the estimation. A crucial item is housing, which is considered by the literature like a good which represents properly the real measure of cost of living. According to Timmins (2006) , the housing is a non-transable good and it absorbs the price pressure of each spatial unit. A second extension is related to the use of the SCOL for improving the inter-regional comparison of monetary variables. The spatial wage inequality of welfare analysis could suffer drastic variations if the estimation controls by spatial differences on the economic variables. 2) The number of observations is 3406666 (weighted). 0.019*** α 2 0.155*** γ 12 0.003*** θ 21 -0.002*** δ 2 0.164*** ρ 2 0.816*** city 3 0.006*** α 3 0.055*** γ 13 0.002*** θ 31 0.004*** δ 3 0.076*** ρ 3 -0.224*** city 4 0.012*** α 4 0.097*** γ 14 -0.004*** θ 41 -0.001*** δ 4 0.259*** city 5 0.005*** α 5 0.297*** γ 15 0.001*** θ 51 0.002*** δ 5 0.026*** city 6 0.014*** α 6 0.119*** γ 16 -0.005*** θ 61 -0.000*** δ 6 0.032*** city 7 0.009*** β 1 -0.038*** γ 22 0.016*** θ 12 0.001*** city 8 0.018*** β 2 0.003*** γ 23 -0.003*** θ 22 -0.001*** city 9 0.016*** β 3 -0.003*** γ 24 -0.018*** θ 32 -0.002*** city 10 0.017*** β 4 0.031** The index calculated by Romero (2005) is only estimated for 11 cities.
